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ANNUAL TECHNICAL (MAR08-AUG11) REPORT ON 
  

AFOSR FA9550-08-1-0152 
 

“(NANOTECHNOLOGY INITIATIVE) REVISION OF QUANTUM ENGINEERING OF NANOSTRUCTURES FOR 
OPTOELECTRONIC DEVICES WITH OPTIMUM PERFORMANCE” 

 
 
 
(1) Introduction 

 
The investigators have undertaken several efforts underlying the enhancement of the 
performance of nanostructure-based quantum-dot-based optoelectronic devices.  These 
include: the use of colloidal quantum dots as optoelectronic elements; investigating 
novel nanostructures (including graphene and CNTs as contacts) as components of quantum-
dot based optoelectronic devices; investigating confined phonon effects in novel 
components of the integrated nanostructure-based optoelectronic structures; investigating 
energy transfer between quantum dot and PS-I; and the investigation of photodetector 
structures from these nanostructures and conducting polymers.  Specific achievements 
include: first measurement of FRET times between PS-I and semiconductor quantum dots; 
measurement of large NDR in organic-inorganic optoelectronic structures; measurement of 
confined phonons in quantum dots; and design of novel three-color organic-inorganic 
photodetectors. 

 
(2) List of Appendixes --- N/A 

 
(3) Statement of Problem Studied 

 
The problem addressed in this AFOSR effort on high-performance quantum-dot-based devices 
is to design and characterize nanostructures whose electronic and optical properties are 
tailored using quantum-engineering techniques.  The investigators study mechanisms, 
phenomena, and interactions --- confinement-induced shifts in the phonon frequencies, 
energy exchange between quantum dots and PS-I;  carrier transport in nanostructures and 
nanostructure—conductive-polymer systems, band formation quantum dots embedded in 
conducting polymers, quantum-dot interactions with graphene-based nanostructures --- 
having potential for enhancing the performance of quantum-dot-based optoelectronic 
devices. 

 
 

(4) Summary of Most Important Results  
 
The most important results obtained during this period of this effort include: electrical 
and optical studies of components of devices and systems of quantum-dot-based 
optoelectronic devices; electronic and optical properties of quantum dots in ensembles; 
characterization of quantum-dot blinking phenomena; characterization of phonon modes in 
quantum dots; and extending a theory band formation in an array of colloidal quantum dots 
embedded in conductive polymer.  Specific results were obtained on the following topics: 
 
Confinement in PbSe Wires grown by RF Magnetron Sputtering 
 
Negative Differerential Resistance in Conductive Polymer and Semiconducting Quantum Dot Nanocomposite Systems 
 
Transmission Coefficients for Minibands Formed in Quantum Dot Arrays under Bias 
 
Miniband Formation in Superlattices of Colloidal Quantum Dots and Conductive Polymers 
 
Phonon Modes in Self-assembled GaN Quantum Dots 
 
Quantum Dot Blinking: Physical Limit for Nanoscale Optoelectronic Device 

 
Three-color Photodetector based on Quantum Dots and Resonant-tunneling Diodes coupled 
with Conductive Polymers 
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Optical and Electrical Measurement of Energy Transfer between Nanocrystalline Quantum 
Dots and Photosystem 

 
Phonon Bottleneck Effects in Rectangular Graphene Quantum Dots 

 
Interface Optical Phonon Modes in Wurtzite Quantum Heterostructures 
 
Multi-Color Photodetector based on Quantum Dots and Resonant-Tunneling Diodes Coupled 
with Conductive Polymers    

 
Growth and Properties of Tin Oxide Nanowires and the Effect of Annealing Conditions 

 
Phonon Modes in Semiconductor Quantum Dots 
 
Optical Phonon Modes in Rectangular Graphene Quantum Dots 
 
Evidence of Compositional Inhomogenity in InxGa1-xN alloys using Ultraviolet and Visible 
Raman Spectroscopy 
 
Rapid Thermal Annealing Effects on Tin Oxide Nanowires Prepared by Vapor-liquid-solid 
Technique 

 
Observation of UV Emission, and Effect of Surface States on the Luminescence from Tin 
Oxide Nanowires 
 
Direct Measurement of Electical Transport through Single Molecules 

 
Colloidal Quantum Dots (QDs) in Optoelectronic Devices --- Solar Cells, Photodetectors, 
Light-emitting Diodes 
 
Applications of Colloidal Quantum Dots 

 
Graphite C-axis Thermal Conductivity 

 
Thermal Conductivity of Carbon Nanotubes 
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